We present design and fabrication of two-dimensional photonic crystal cavities made in nanoporous silicon luminescent at 700-800 nm. Enhancement in photoluminescence extraction efficiency at the resonant wavelength is expected due to Purcell effect.
Introduction
Si based light source compatible with mainstream CMOS technology is highly desirable. We propose to study light emitters based on two-dimensional planar photonic crystals (PCs) fabricated in nanoporous silicon (pSi) that exhibits luminescence. Confining luminescent material in an optical micro-cavity would increase the efficiency by restricting the resonant wavelength to a directed radiation pattern that can be collected effectively, and by reducing the radiative lifetime of the on-resonance emitters while suppressing off-resonance emission through Purcell effect [1, 2] . We designed such photonic crystals cavities by using numerical simulations and demonstrated fabrication feasibility. Presently, we are performing optical measurements on fabricated structures.
Design
Figure 1(a) shows the top and side views of the proposed PC structure. Hexagonal array of holes is drilled in the luminescent pSi core layer sitting on top of a higher-porosity and thus lower refractive index substrate layer. The structure is fabricated on a Si wafer. Lower refractive index of the substrate layer is necessary to provide vertical confinement for photonic crystal structure through total internal refraction. The substrate layer is made thick enough such that the underlying interface with bulk Si is not seen by the optical modes confined in the core. Assumed refractive indices, which depend on pSi fabrication are 2.0 for the luminescent core layer, and 1.4 for the substrate. The main design parameters are: air hole radius r, drill depth d, core thickness c in relation to inter-hole spacing a. We used the three-dimensional finite difference time-domain (3D FDTD) method [3] to simulate band structure of the photonic crystal with various parameters. Figure 1b shows the band diagram of TE-like modes for a structure with r=0.4a, c =0.75a, d=1.5a optimized to achieve a sizable band gap. The band gap is 16% and extends from 0.4616 to 0.5415 a/λ. a1486_1.pdf CFI5.pdf
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A linear cavity formed by eliminating three air holes along the ΓJ direction [4] was designed based on the photonic crystal described above. Figure 1(c) shows the cavity with the simulated field distribution patterns. The cavity out-of-plane Q-factor, which limits the total Q-factor [3] , is 294 according to the 3D FDTD simulation. The mode volume is V=3.5 (λ/n) 3 . The expected maximum Purcell factor, i.e., reduction of radiative lifetime inside the cavity relative to that in bulk porous Si, is 6.4 as given by 3/(4! 2 ) (λ/n) 3 Q/V [1, 2] .
Fabrication
Fabrication of photonic structures is as follows: first, pSi layers are defined by electrochemical-etching in hydrofluoric acid, sometimes followed by thermal oxidation, then PC is made in porous layers by a combination of e-beam lithography and dry etching. We are exploring a wide range of electrochemical-etching, oxidation, and dryetching parameters to achieve good luminescence and high-precision PC fabrication. Currently we are investigating fabrication of porous layers with PC structure already etched in crystalline Si. Typical fabricated structures are shown in Figure 2 . The cavity in Fig 2(a) is made in a single 1µm thick pSi layer luminescent around 700-750 nm. Fig 2(b) shows a higher magnification SEM image of another cavity taken at 45º, such that the nanopores running down the sides of etched PC holes are clearly visible. 
Conclusion
We have proposed a design of a two-dimensional PC cavity with a small mode volume and a modest Q factor. Such cavities are expected to increase external photoluminescence efficiency of pSi through the Purcell effect enhancement. Efficient porous Si diodes should be possible to produce with this scheme since electroluminescence of porous Si has already been demonstrated [5] . Integration of a light source on-chip with conventional Si microelectronics is also feasible. It is important to notice that photoluminescence of porous Si can be tuned over a wide range in the visible and NIR to be useful for a variety of devices. The current wavelength range around 750 nm can be used in biosensors to detect oxygenated hemoglobin.
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